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Abstract. This work presents a decision support system for route plan-
ning of vehicles performing waste collection for recycling. We propose a
prototype system that includes three modules: route optimization, waste
generation prediction, and multiple-criteria decision analysis (MCDA).
In this work we focus on the application of MCDA in route optimization.
The structure and functioning of the DSS is also presented.
We modelled the waste collection procedure as a routing problem,
more speciﬁcally as a team orienteering problem with capacity con-
straints and time windows. To solve the route optimization problem
we developed a cellular genetic algorithm. For the MCDA module, we
employed three methods: SMART, ValueFn and Analytic Hierarchy Pro-
cess (AHP).
The decision support system was tested with real-world data from a
waste management company that collects recyclables, and the capabili-
ties of the system are discussed.
Keywords: Waste collection ·Vehicle Routing ·TeamOrienteering Prob-
lem ·Decision Support System ·Multiple-Criteria Decision Analysis ·Cel-
lular Genetic Algorithm · AHP · SMART · ValueFn
1 Introduction
Over the years, decision sciences have been applied in resource management to
achieve success in the business world. In order to avoid losses and increase income
while depending on the use of resources, companies tend to rely on the decisions
carried out by their managers. The process of decision-making often happens
over the analysis of several criteria that sometimes have conﬂicting objectives
or induce divergent results while aiming for the same goal. Those diﬀerent out-
comes can either complement each other or create problems while deciding the
best course of action to complete a certain task or project. Common conﬂicting
criteria are cost (or price) and quality measures (or performance indicators).
Trying to achieve a good balance between important criteria implies weighing
their contributions and (adverse) consequences to the ﬁnal objective, and opting
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for the best alternative for that speciﬁc situation. This process requires struc-
turing the problem in a proper way to reduce its complexity and making better
decisions.
MCDA is the acronym for multiple-criteria decision analysis, which involves
the application of models and methodologies to provide the decision maker (DM)
with tools that enable solving decision and planning problems, although, when
there are several criteria to consider, it is very diﬃcult, if not impossible, to
determine an unique best solution. To ﬁnd an overall best solution, the DMs
preferences need to be included in the decision process, since there are trade-oﬀs
that need to be considered, and the importance given to each criteria depends
on the DM.
The dawn of computer age enabled the development of software implementing
various models and methods to solve multiple-criteria decision-making problems,
and there are plenty of commercially available general-purpose products, as well
as more speciﬁc ones. This kind of software became extremely useful in many
diﬀerent management scenarios. Often, MCDA software is included in larger
(software) systems called Decision Support Systems (DSS). A DSS is an infor-
mation system that supports business decision-making activities, and helps mak-
ing decisions at diﬀerent levels: 1) management, 2) operations and 3) planning.
A DSS is usually an interactive software tool that combines data from various
sources and formats and presents the user (i.e. the DM) with useful information,
displayed on graphical interfaces, that helps solving decision-making problems.
In this study, we focus on a real-world problem, where management issues
are faced by a waste management company (WMC) that needs to pick-up recy-
clable materials stored along a network of collection points. In general, success-
ful waste management highly depends on good performing logistic systems that
keep track of all needed requirements and the goals/objectives to be met by the
companies. Resource management (i.e. vehicles, drivers, assistants) and design-
ing cost-eﬃcient waste collection routes are some of the major issues a DM in
a WMC has to deal with on a daily basis, and it often involves weighting the
importance of several criteria. This creates diﬀerent operation scenarios that
need to be assessed for the DM to determine the best solution for a certain sit-
uation. Therefore, a DSS is an important tool to assist in this decision-making
process. The aim of this study was to develop a DSS that includes route opti-
mization models and employs MCDA methods to compare diﬀerent operational
procedures carried out by a WMC when performing waste collections.
2 Problem Description
The recycling of waste materials has earned great importance over the years, and
today is a vital process to our survival in a clean and healthy environment, and
also to move towards a more sustainable future. Regarding waste composition,
in Portugal, more than 50% of municipal solid waste is composed of recyclable
materials, where paper accounts for 20.3%, plastics 18%, glass 6%, metals 5%,
and textiles 3.8% [19]. The collection of recyclable materials have lately become a
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fertile subject for the development of new ideas to improve resource management
and global eﬃciency. There is also a constant need for improvements in waste
management, especially in terms of resource management.
The process of collecting recyclables usually involves three main resources
that need management: 1) workers, 2) vehicles and 3) time. In addition, there
are elements that impose constraints to resource management such as cost limi-
tations in fuel expenditure, avoidance of high vehicle wearing, minimum (daily)
quotas of waste to collect to be met, and also certain collection performance stan-
dards that should be attained. Many improvements often occur through success-
ful ﬂeet management, which greatly relies on optimization procedures applied to
the design of collection routes. Designing more eﬃcient routes implies balancing
the use of resources while respecting all constraints that may be imposed.
Focusing on route design, the objective is to visit a set of waste collection
points using a vehicle ﬂeet, while respecting constraints such as vehicle capac-
ity and maximum route duration and/or length (time spent and/or travelled
distance). This kind of situation can be addressed as a vehicle routing problem
(VRP) [13]. Although this description ﬁts the mentioned waste collection prob-
lem, more ﬂexibility is needed when designing the routes. Each collection point is
assigned a certain priority level to be visited and emptied, based on their waste
generation rates and current ﬁlling status. While scheduling collection routes,
there is a need to select which points to visit during those routes, and only a
part of those points may be collected. The VRP models can be too restrictive
when employed in this situation, since the premise is to visit all points in the
network, regardless of its ﬁlling status, and using as many vehicles as needed to
do so. So, instead of targeting all collection points, a more ﬁtting model named
team orienteering problem (TOP) [8,11], can be applied. In this context, the
TOP can be described as the problem of designing routes and assign them to
a limited ﬂeet of vehicles performing collection of recyclable waste stored along
a network of collection points; each collection point has a priority level; the
collection routes have maximum durations and/or distances; the vehicles have
capacity limits; the selection of collection points to be visited by the vehicles
is made by balancing their priorities and their contributions for route duration,
route distance and quantity of waste collected per vehicle. The objective is to
maximize the total amount of waste collected by all routes while respecting the
time and/or distance constraints, and also capacity constraints or even time
windows.
In Portugal, a major source of potentially recyclable materials is household
packaging waste (HPW), which is usually composed of materials made of glass,
paper/cardboard, plastic or metal. HPW is separated by citizens at the local
recycling site (collection point), named ecopoint (ecological point). Given the
goals Portugal has to fulﬁl for the recycling and recovery of HPW, there is a
permanent need for increased eﬃciency in waste collection performed by waste
management companies. Therefore, the main goal of this study is to explore
new solutions and management options for a real problem faced by a Portuguese
inter-municipal waste management company (WMC) that takes action across six
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municipalities and currently operates a network of more than 1,200 ecopoints.
This WMC’s area of operations is a mix of urban and rural areas, which prompts
the demand of diﬀerent strategies for waste management.
There is no requirement for the mentioned WMC to visit all their ecopoint
sites every workday, as it would be unproﬁtable and ineﬃcient, and of course
impossible, since there is a limited vehicle ﬂeet available. Therefore, it is nec-
essary to select a subset of ecopoints to visit each day. Furthermore, given a
planning horizon of, for example, a week, or a month, the WMC must decide,
based on the priority levels of ecopoints, which ones must be visited, which ones
can be visited, and which ones can be skipped during the collection routes, and
then design eﬀective routes to perform the collection of HPW. Therefore, mod-
elling this collection procedure as a TOP is suitable. In fact, this routing problem
can be modelled as a capacitated team orienteering problem with time windows
(CTOPTW), due to capacity constraints on the vehicles, and because there is
a time interval speciﬁed for each ecopoint, during which the waste containers
must be emptied.
It is not uncommon for performance requirements in waste collection to
change while aiming to accomplish diﬀerent goals. There are times when a DM
might ﬁnd himself in diﬃculty to choose the best strategy for a given situation,
and when performance indicators (PIs) are presented, conﬂicting objectives can
arise. For example, the company aims to collect as much quantities of waste
per route as possible, but also needs to minimize the total distance travelled by
the collection vehicles. Handling these situations and deciding on what the most
suitable solution is in order to attend acceptable values for the PIs, can be a
time-consuming task, and so, a valuable tool to use is a DSS with MCDA capa-
bilities, which can process a great amount of information and present solutions
to the DM at a faster pace. Nonetheless, the DM assumes a central role during
decision-making processes in a DSS.
The work presented in this paper is integrated in a R&D project named
Genetic Algorithm for Team Orienteering Problem (GATOP). The main goal
of GATOP is the development of more complete and eﬃcient solutions for sev-
eral real-life multi-level vehicle routing problems, with an emphasis on waste
collection management. In this work, we intend to present a prototype DSS for
management of HPW collection, and it shall be composed of diﬀerent modules
or elements. Our purpose is to design the proper functioning of the DSS by
determining how the modules interact, how information ﬂows between them,
and how the information is processed and solutions are presented to the users.
In addition, we needed to do some improvements and changes to the route opti-
mization module for it to be able to handle diﬀerent objective functions, which
were formulated based on the study of real case scenarios faced by a WMC.
Brieﬂy, the tasks for this study were:
– Deﬁne alternative objectives for route design in waste collection for recycling;
– Develop a solution method to solve diﬀerent objective functions for the rout-
ing problem;
– Deﬁne the set of criteria that will be used in the MCDA module;
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– Develop and implement the MCDA module;
– Deﬁne the structure and way of operation of the DSS prototype;
– Test the DSS for real case scenarios and evaluate its functionality.
3 Literature Review
3.1 Solution Methods for the TOP and Other Variants
In the context of ﬂeet management there is a high demand for more eﬃcient pro-
cedures and techniques to perform route planning and design. There are plenty
of problems involving transportation of people and/or items/commodities that
need route optimization for various purposes. This kind of problems can be
addressed as a vehicle routing problem (VRP). As we stated previously, the
VRP model is too restrictive for the collection of recyclable waste, and more
ﬂexibility is required to enable the selection of locations to visit. Such ﬂexi-
bility is achievable by modelling the collection process as a team orienteering
problem (TOP). A wide variety of algorithms have been developed to solve
the TOP, and some successful ones are tabu search [4,35], branch and price
[7], guided local search [43], path-relinking [33], ant colony optimization [22],
memetic algorithm [6], particle swarm optimization [12,32]. For the TOP with
time windows (TOPTW), eﬃcient algorithms are iterated local search [42], vari-
able local search, ant colony system [25], variable neighbourhood search [24,40],
and hybrid iterated local search [34]. Other variant of the TOP includes capacity
constraints (CTOP) has been receiving attention lately, with tabu search being
a good solution option [2,3]. Other algorithms followed, as well as new variants
of the TOP and CTOP. Promising algorithms based on other methodologies
are also found in the literature of routing problems, such as genetic algorithms
[15,16,27,28,36,37] and cellular genetic algorithms [1].
3.2 Application of Multi-Criteria Decision Analysis to Routing
Problems
After a wide range review of literature on the application of multi-criteria deci-
sion analysis in decision support systems for routing problems over the last
decade, the authors came across some interesting works in this research ﬁeld.
In 2002, the author Jacek Zak [45] brought attention to several problems faced
by many transportation companies. One problem was about the acceptance or
rejection of incoming orders based on the deﬁnition of minimum price for the
orders and the assignment of vehicles to orders. This multi-objective problem
was solved with the ELECTRE III method.
Cavar et al. [10], in 2005 applied AHP to the selection of the best VRP
algorithm to be used for a particular case, considering factors like the number
of vehicles to use, the time necessary to calculate the routes and the overall
travelled distance of the vehicle ﬂeet.
Later, in 2008, an interesting application of MCDA to a routing problem was
carried out by Tavana et al. [39], within the subject of Joint Air Operations. Their
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goal was to model a problem that comprises the assignment of aerial vehicles to
mission packages. The MCDA model focus on four competing objectives consid-
ered for the assessment of vehicle-target allocation, and to solve the problem, the
Analytic Hierarchy Process (AHP) method is also used in the model.
In [20] the authors intended to optimize the design of a supply centre for
public service, and they employ Fuzzy-AHP to decide on the service facility
types and then use VRP solution methods to ﬁnd the number and location of
the facilities. Criterion like delivery level, service level, supply cost, customers
response (satisfaction), transportation and service information were used.
Still in 2008, an application of goal programming (GP) methodology to model
a single vehicle routing problem with multiple routes was proposed in [21]. The
developed model is solved using a heuristic method based on an elementary
Shortest Path Algorithm with Resource Constraints.
Later, in 2010, Tavana and Bourgeois [38] focused on the problem of opera-
tional planning and navigation of autonomous underwater vehicles. A dynamic
multiple criteria support system was developed and the authors employed MCDA
methods, along with other methodologies, to assist in mission planning carried
out by the United States Navy.
A combination of GP and genetic algorithm was employed in [18] to model
and solve a multi-objective VRP with time windows. The considered objectives
were the minimization of total required ﬂeet size and minimization of total trav-
elling distance, while constraints such as capacity and time windows are fulﬁlled.
A more recent work was presented in 2012 by Ries and Ishizaka [29]. The
authors developed a DSS to solve a routing problem of Unmanned Aerial Vehicles
within the scope of maritime surveillance. They applied MCDA methods such
as AHP and PROMETHEE to evaluate the operational scenarios produced by
the routing problem algorithm.
Also in 2012, a combination of AHP and TOPSIS was presented in [44] as a
solution method for assessing alternative routes for a VRP.
4 Methodology
Previously in this paper we stated that our intent was to present a proto-
type Decision Support System (DSS) to help managers deal with multi-criteria
decision-making applied to route planning in the context of waste collection.
In our concept, the DSS to be developed shall include three diﬀerent modules:
1) a route optimization module, 2) a MCDA module, and 3) a waste genera-
tion prediction module to predict waste generation rates and determine priority
levels of the collection points. The route optimization module has its origin
on improvements made to previously presented works within the scope of the
GATOP project [15,16,26,27,28]. The same is applicable to the waste genera-
tion prediction module [17]. The base for the MCDA module development was
the beSmart software v1.1 [5]. Improvements were made to the software so it
could better meet our purpose with the DSS. In this section we will present the
modiﬁcations and improvements made to the route optimization module and the
MCDA module, as well as the adopted methodologies.
A
u
th
o
r 
P
ro
o
f
394 J.A. Ferreira et al.
4.1 Route Optimization for Waste Collection
Deﬁning Diﬀerent Alternatives for Waste Collection Routes. Waste
management companies usually have special concern about their waste collec-
tion system and how eﬃcient their route planning procedures currently are and
how they can be improved. Many companies employ ﬁxed collection routines and
schedules, and surely that simpliﬁes resource management. However, perform-
ing route optimization according to speciﬁc objectives may represent a relevant
source of extra revenue, and that is a great motivator for the employment of bet-
ter management practices, the application of better route planning algorithms
and/or decision aid software. From now on in this document, the term solution
refers to a set of optimized routes that can be assigned to a vehicle ﬂeet.
The deﬁnition of objectives when performing route planning is crucial in
order to meet certain goals or quotas for waste collection. For example, one
common objective is to minimize the distance travelled by the vehicles while
visiting a set collection points, and less mileage means less vehicle maintenance
costs and fuel expenses and also less greenhouse gas emissions. For this study,
we used a list of important objectives that were agreed with the WMC, that
should be taken into consideration while aiming to optimize routes:
– Minimize Total Distance Travelled - MinD
– Maximize Total Collected Quantity - MaxQ
– Maximize Performance - MaxP (quantity collected per kilometre travelled)
– Maximize Number of Ecopoints Collected - MaxE
– Minimize Number of Vehicles Used - MinV
– Maximize Number of Priority Points Collected - MaxPP
Performance Indicators in Waste Collection. The route planning proce-
dure often relies on speciﬁc algorithms and/or software tools. The quality of the
solutions obtained with those tools and techniques needs to be assessed using
some performance indicators. A performance indicator is a type of performance
measurement, and in this case it quantiﬁes a certain factor related to waste
collection routes. All the values for the performance indicators are quantita-
tive, which makes it easier for comparisons when using some MCDA techniques.
These performance indicators are in fact a set of criteria that have inﬂuence in
the context of route planning for waste collection. The performance indicators
considered for this study are the following:
– Total Distance Travelled (per solution)
– Average Distance Travelled (per route)
– Total Collected Quantity (per solution)
– Average Collected Quantity (per route)
– Total Collection Performance (per solution)
– Average Collection Performance (per route)
– Number of Collected Ecopoints (per solution)
– Average Number of Collected Ecopoints (per route)
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– Number of Vehicles used (per solution)
– Number of Priority Points Collected (per solution)
– Average Number of Priority Points Collected (per route)
– Number of High Priority Ecopoints Collected (per solution)
A Cellular Genetic Algorithm to solve the CTOPTW. The ﬁnal model
we used for route planning was the capacitated team orienteering problem with
time windows (CTOPTW). As mentioned in a previous section, there are sev-
eral methodologies capable of dealing with (solving) the TOP and its variants.
Nonetheless, we opted to follow a research line we have been pursuing, which
is the application of genetic algorithms (GAs) to solve optimization problems,
specially routing problems [15,16,26,27,28]. More recently, one of our focus has
been the employment of celular genetic algorithms (cGAs) since the experimental
results achieved with this method performed better than our previously devel-
oped GAs. So, in order to solve the CTOPTW, we developed an algorithm based
on the cGA methodology. We also made adjustments to the algorithm so it could
deal with diﬀerent objective functions and output optimized routes accordingly.
4.2 beSmart A Multi-Criteria Decision Aid Software Application
Software Description and Improvements Made. There are many diﬀerent
MCDA methods, and there are also many tools developed to implement the
MCDA methods. In 2010, Seixedo and Tereso [31] have assembled a list of the
available MCDA tools and developed a Multi-Criteria Decision Aid Software
Application for selecting MCDA software using the Analytic Hierarchy Process
(AHP) method. Later, in 2011, improved MCDA software for the same purpose
was developed by Tereso et al. [40]. The software tool was named beSmart [5],
and was designed to be a general-purpose application, which can load and process
data to help solving any MCDA problem. The beSmart became an interesting
tool for us to explore and integrate in the DSS prototype we intend to develop.
Although the beSmart software was at a good state of development, some
improvements were made in order to oﬀer a better user experience. This was
achieved by enhancing the Graphical User Interface (GUI), using better display-
ing of options and commands in the menu bar, and by improving the contents of
tips and instructions displayed to the user throughout the decision-making pro-
cess. Changes to the solution explorer module were also made, in order to present
more useful information on the solutions produced. In addition, the option to
perform sensitivity analysis was included in the solution explorer.
MCDA Methods Available in beSmart. There are three MCDA methods
embedded within beSmart: 1) SMART, 2) AHP, and 3) ValueFn. The SMART
method [14] consists of assigning a score to each alternative, and the higher the
scores are, the more importance the alternative represents. In the AHP method
[30], a structuring process of the problem occurs so that it is decomposed into
a hierarchy of sub-problems. Then, the DM evaluates the relative importance of
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these sub-problems (criteria) by pairwise comparison, where a degree of impor-
tance is given to each criterion in relation to another. The AHP method converts
these evaluations to numerical values (weights or priorities), which are used to
calculate a score for each alternative. A consistency rate measures the extent to
which the DM has been consistent in the comparison done. This rate should be
lower than 0.10 [30]. In the ValueFn method [9,23], the evaluation of alterna-
tives is directly ﬁtted into a function. It can be a maximization or a minimiza-
tion function, depending on the DMs intention to maximize or minimize a given
attribute. For further information and more detailed explanations on how these
MCDA methods were implemented into beSmart, one should check the work in
[31] and [40].
4.3 A Prototype Decision Support System to Improve Waste
Collection
Since each module of the DSS prototype is also a stand-alone software tool, a
proper design is needed in order to establish how each module interacts with
each other, how information ﬂows between them and how solutions are pre-
sented to the end-user. A schematic in ﬁgure 1 shows how the DSS’s operates.
Initially, the waste generation prediction module forecasts the current state of
each collection point in terms of quantity of waste stored in its containers. These
informations are fed to the route optimization module, which in turn proceeds
with the computation of collection routes for all objectives previously presented,
although not in a multi-objective approach, with a solution for each objective
function being output separately. Once the routes are calculated, their values for
each performance indicator (PI) are saved in a text ﬁle, which is later loaded in
beSmart.
The beSmart software can help to select the best set of routes for speciﬁc
scenarios of waste collection where the DM needs to weigh the importance of each
PI. The decision process occurs during ﬁve steps (see ﬁgure 2). The ﬁrst one is the
selection of alternatives for comparison, which are sets of routes called solutions.
Each solution results from the output of the route optimization module according
to a certain objective function. In the next decision step, the DM chooses the
PIs he ﬁnds relevant for solution assessment. The third step is the deﬁnition
of weights, and the DM expresses the relative importance of each previously
selected PI using either the SMART or AHP method. The DM assigns values
to each PI to denote its importance relative to the others. The fourth step is
the deﬁnition of priorities, and using the AHP or ValueFn methods, one can
determine the priority level each PI represents to each solution. Finally, in the
ﬁfth step, the comparison results are displayed using charts and ranking lists.
It is possibile to perform real-time sensitivity analysis for the selected PIs. This
feature enables the DM to examine the trade-oﬀs between a PI and the rest, and
also the impact of changing the priority level of each PI individually. Once the
decision process in beSmart ends, the DM is presented with a ﬁnal ranking of
alternatives, sorted from the most to the least suitable solution. Using the DSS
makes the DM more aware of solution possibilities and their outcomes.
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Fig. 1. DSS’s Operational Schematic
Fig. 2. Steps for Decision-Making in beSmart
5 Experiments and Results
The assessment of the proposed DSS was done by simulation of real situations of
HPW collection, using the WMC’s data to design 10 CTOPTW instances. The
data sources used to assemble the instances consisted of a list of 94 ecopoints
and their GPS coordinates. These 94 ecopoints represent a whole municipality.
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Informations such as the values for time windows and waste quantities at each
ecopoint were obtained using the waste generation prediction module of the DSS.
Real distances between ecopoints were obtained using Google Maps, a web map-
ping service application. We made the instances and the test results available for
download at ”http://pessoais.dps.uminho.pt/zan/GATOP /instEMO2015.zip”.
With those instances we aimed to prove the usefulness of the DSS and its capabil-
ities to attend waste collection management goals. For each CTOPTW instance,
collection routes were planned for three vehicles with the same capacity. The
route optimization module assembled sets of three routes for each objective
function separately (not multi-objective optimization). However, some global
constraints were applied for the cGA to deal with: maximum route duration,
maximum distance to travel per route, minimum waste quantity to collect per
route, and minimum quantity to collect per solution. The cGA was run 5 times
for each of the six objective functions, hence outputting 30 diﬀerent solution
alternatives and the respective values for each PI. The best alternative for each
objective function was loaded into beSmart, where the decision-making process
took place, with the 12 PIs previously stated used as criteria. We opted to test
a combination of MCDA methods during the decision process using beSmart.
First we employed the SMART method for the deﬁnition of weights, and later,
for the deﬁnition of priorities, the choice relied on a mixed application of AHP
and ValueFn, choosing the method that seemed most appropriate for each cri-
teria. In ﬁgure 3, the solution achieved using beSmart for one tested instance
is presented. On the upper-left area, the ﬁnal priority ranking of alternatives is
shown. On the bottom-left area, a sensitivity analysis component is available.
On the bottom-right a detailed bar chart shows how the weight of each criterion
Fig. 3. Results with beSmart for the simulation scenario
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contributed for the ranking of each alternative. Although the best alternative
found was ”Route Solution MaxP”, if the DM expresses diﬀerent preferences,
alternative solutions can be found. Throughout several similar tests, we observed
that the DSS has proven its usefulness, as it allows the user to solve waste col-
lection problems, and is able to help analyse the inﬂuence of several criteria,
weighing their contribution while aiming to attend certain performance levels.
6 Conclusions and Future Work
In this work we presented a decision support system (DSS) that provides solu-
tions for problems that arise in waste collection management. One main issue is
to perform route planning for selective collection of recyclable waste. We mod-
elled this routing problem as a capacitated team orienteering problem with time
windows (CTOPTW), and we developed a cellular genetic algorithm (cGA) to
produce solutions. The cGA is able to deal with diﬀerent objective functions. We
presented twelve criteria based on waste collection performance indicators (PIs),
and we employed multi-criteria decision analysis (MCDA) methods to assist in
decision-making when weighing the importance of each PI in route planning.
The developed DSS includes three modules: waste generation prediction,
route optimization, and MCDA. We presented a design for the DSS and assem-
bled a prototype to run experiments at this stage of development. We performed
simulations of real problems faced by a waste management company (WMC)
responsible for collecting waste for recycling. The DSS was tested with real
instances of the problem. In our best knowledge, there are no similar approaches
to the one we presented in this paper for dealing in an uniﬁed way with several
problems related to waste collection management, and so, direct comparisons
with alternative systems were not possible. Nevertheless, we assessed the DSS’s
capabilities in terms of route planning and optimization, with a focus on MCDA.
The DSS provides diﬀerent optimization options and can present alternative
solutions for the same instance of HPW collection, depending on the preferences
of decision-makers (DMs). These features are advantageous, since the DM’s pref-
erences play a central role in selecting the best routes for a certain planning
period, according to the WMC’s logistic strategy and the importance given to
each PI. We obtained positive feedback from the WMC and more improvements
are foreseen. We are positive that our DSS design can be of great assistance in
the context of waste collection, and WMCs would be able to improve their per-
formances by exploring better collection routines and by adapting to challenges
that may arise before them. Overall, the interpretation of computational results
output by the DSS can provide meaningful information to waste collection man-
agement practitioners. However, it is not advisable to apply the DSS on a daily
basis, as it would be an impractical and time-consuming task to go through
the decision process every day. Instead, the DSS should be used to outline the
WMC’s logistic strategy for a longer period such as a week, month or trimester.
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For future work, we intend to simplify the user’s interaction with the DSS
to enhance overall user experience and accelerate work ﬂow. More experiments
with the DSS shall be conducted in more real-case situations to fully validate
our approach.
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